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Institution: ~ee Badiat1on Laboratory 

Intrizlsic quadru.pol.e momenta of' deformed nuclei a.:re calculated 

on a. particle picture as a fuu~tion of z and the defomation 6. Effects 

of the pairing force are exemined. fhe singl.e•ps.rticle levels are those 

ot ~e .Nilsson Model, but configul'e.t.ion, mi:dng between maJor shells 

5 1 • I :t: 2 Ill'U$t be included. Observe4 J~KX~ents are accounted for by 
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Quadrupole moments of deformed nuclei have a.l.we.y~ been tiscussed 1n terms of the 

. unifol'lil.y cbar&ed spheroid wbieh establishes a eonnect1oa between tbe quadnq>ole 

momeot and the m.talear deformation. 1 .Since our knoltJ.ed&e of nuclear deformations 

rests pr1ne1pall¥ an this connection, 1 t 1e ,of interest to inveatl~te the effects 

of ·the particle structure of nuclei on their quadrq.pole. ~ts. 

Ia this work we 84cpt a. particle picture ot the nucleus in cal.eul.ating the 

q~ole moments. 'l'he Z protons ot the nueleus are assumed to move in a spheroidal 

well of t1Dd defOJ."m&tioa and tb.e lflterparttele interactions are a.pproxim&ted by the 

ps.tring force, s.litroduc~ tint to e,eeount for sU,pel'flu.tdityby Bardeen, ·eooper, and 
. 2 

Sebrietfer (:BCS). 

Assum.e tbat a certain single-particle Bamil ton1an representing tbe independent­

part1ele mot101\ 1a mclei C'&fl ~ solved.· Represent the q~tum numbers ot the 

e1gen$tate• by " 8.t1d th~ eigeavaJ.ues by.(. '!'hen in terms ot thee~. eigeDw.lues, 

Mi&(lal3 l:laa ·shown how to COl'IIPUte the sinsJ.e•particle dellSity matriX P.,.,l, corresponding 

to pat'ttcles. moving in the single•pal"ticle potefttial and 1nt6r&et1ng tm'oush the 

pa.irtfts fOrce.· It there ·le fOJII,e a.diU.tion.&l. perturbation v. on the eingl.e-part1cle 
.. 

BamUtQnian, then the density bl&tr1x, up, to f1ret order in V, is· 



1 

(2) 

(3) 

where 

(4) 

We ha.W aomp11ted the intrinsic quadrupole moment ot a certain model nucleus 

~risina z protons moving 1n a pe~tl.y i}eformed potential well, and interacting 

~U&b e. ~rin6 force. 
4 

hcauae the deformation is assumed tinie-indepenclent the 

results ea.n b,ia.ve q\ll!lntitat.ive meatJ.tn& tor real nuclei only in the strongly deformed 

reaions._ Nevertheless the model.me.y bave at least qualitative meaning for weakly 

aeformeQ. nuel.ei n~ closed -&helle. For the basic states in Eqs. (l) - (4) we take 

the e£piMl.l.ues and -e1gant\mction$ of' t{Usson 8.lld l&)ttelsen5 which result from an 

uaot 4.1agonal.Ua.tion. of tbeir Bain1.l:toniaa, emept that only matrix elements that 

·a.re 41agoJ18,l. in the o&eillator qUantum ~r N are 1nclude4. That is, the deformation­

~st peri of their Samilton18:1 1a 

'» = v& Sa•' 
. & 2 : 
v6 = J M '\ \o· 

·zt 1a, however 1 . ea~til.il to illelud.e the effecte on the q~ole moment ot the 

(5) 

(6) 
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as the perturbation V 1n Eq. (3). '!hen the quadrupole moment is 

(7) 

(8) 
.,t·_,. 

(9) 

where b ia defined in Eq. (3), ~ is the sinsJ.e•particle quadrupole moment operator, 

and the laa.sic stta.tes v = If n a are defined. by Nilsson. 5 

'.rhe resul te of our calculation are diepla;yea. in the • figure and in the table. 

~e quantity ~/ZR2 , which for tbe UDiform-cbarse model is a cons~t ~/58(1 + &/2)) 

14 found to decrease monoton1oa.l.ly with increasing Z thr0\\8h the rare earth region. 

In tbe presence of the pairing force Q.
0
/m2 is a smooth function of z. For small 

deformation (&~0.1) it shows shell-closure effects as the pairing force is reduced. 

However, at tlle deformations appropriate to the rare earth repon, the pairing torce 

has very little effeot on the calculated quadrupole moment • 

.As indicated in the table, our values of the deformation 6 tor the lower rare 

earths 1 deduced b7 a comparison ot the eJC;Perimental quadrupole moments w1 th our cal­

culated values, are sl1shtlJ smaller than those deduoed via the uniform-charge model. 



!fable I 

O T . _ • • . . 
1 

. . (. • -24 e) O - I -

Intr:S.ns1e qus4t'upole moments Q0 • ~ -+ ~ in 10 em for &ome strongly detormed 

nuclei, CQ'Dpe.red with the observed ~t-e Qobs* Tile d.etol1nation, a, deduced from 

tbis e<Dparisou 1s compared nth the deformation implied by EJJle.lyzing the experi• 

mental V&J.ues ot Q
0 

w:l.th Q • 4/5 za2 & (1 + &/2) for the un_1tom-cbarp model. 

A 

a:lt-

150 

1,2 

1$4 

156 
158 

:L6o 

160 

162 

164 

164 

166 

168 

170 

172 

176 

178 

l.8o 

182 

184 

:~eule:te4 u Q,oba "io 

'll02 14•4 'lt.\16 

0.35 '( 0.63 
' 

3 .. 2S 6.6o 

3.29 6.7l. 

3.41 6 .. 8; 

3.45 6.90 

3.44 6.91 

3.45 6.94 

3.60 7 • .lO 

3.63 7.13 

3.-62 ?-.16 

3.76 7-35 

3.78 7.39 

3.78 7.~1 

3.SO 7.44 

3.91 7.72 

3.95 7.93 

3.96 7.98 

3.98 7.99 

3.98 6.15 

3.99 8.19 

0.94 0.45 

lO.U 3.62 

10.20 ,.sa 
10.,8 5-75 

10.72 6.75 

10.67 7.35 

10.71 7.59 

U.07 6.65 

U.l7 7 .. 14 

u.l6 7.1Kl 

u.4l 7.07 

u.ll6 1.52 
• u .. ~ 7.55 

11.55 7.34 

11.79 7.42 

12.10 7.25 

12.1.5 6.88 

12.20 6.60 

12.49 6.45 

1a.s~ 6.15 

a (this 
ealcu• 
le.tion) 

0.&4 

0.13 

0.20 

0.20 

0.23 

0.25 

0,2, 

o.aa 

0.23 

0.24 

0.23 

0.24 

0.24 

0.23 

0.23 

0.22 

0.21 

0.20 

0.19 

o.J.B 

& (uniform 
mo4el) 

0.33 

0.17 

0.26 

0.28 

0.28 

0.30 

0.30 

o.~ 

0.28 

0.29 

0.26 

o.aa 

0.28 

0.21 

0.26 

0.24 

0.23 

0.23 

0.21 

o.ao 
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\be quantitJ QjD2, computed on the pcticle mo4el of this article, 

2-s sbown as a. function ot Z tor severe.l vl!ll.ues ot tbe de:torme.tton. For 
CJ I 2 . I.C . the unitom•ebarge model '"'o' za has the constant 'flll.ues 0. 3~, o. 2191 

0.103 tor the deformations tt • 6, 4, Z res~ct1vely. 
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